Along the littoral shelf of northern coast of the Gulf of Guinea (GG), a minor dry season of the rainfall regime is concomitantly observed with the occurrence of a major coastal upwelling in July-August-September (JAS). It was then supposed that this upwelling drives that minor dry season. But no previous studies have tried to understand this minor dry season and, this study is the first focusing on this question. The investigations undertaken to explain this dry season on the Ivorian littoral shelf with the ERA-Interim data from the European Centre for Medium Range Weather Forecasts over the 1980-2016 period have shown that the minor dry season is driven by the Northward migration of the Inter Tropical Convergence Zone (ITCZ) during this period and, enhanced by the occurrence of the major coastal upwelling of the northern GG at the same time. These two phenomena interact as follow: i) the ITCZ is located in JAS far in the north cutting off convective processes along the coast, ii) the air on the coastal region is poor in humidity, iii) the air temperature on the bordering region of the GG is cooled by the coastal upwelling to value less than 26˚C and not favorable for providing convection.
Introduction
The bordering countries of northern coast of Gulf of Guinea ( Figure 1 to November with a peak in October [6] [7] when the ITCZ migrates southward.
The minor and major dry seasons are respectively observed in July-AugustSeptember [8] and, in December-January-February-March [8] .
The economy of these countries is highly dependent of Agriculture fully controlled by the rainfall regime. Rainfall variability could induce both floods and droughts and, negatively affects human lives also. Therefore understanding the temporal and spatial variability of the rainfall regime in this region is very important for the population. Two seasonally phenomena occurring in the Gulf of Guinea (GG) could represent the key factors for understanding the variability of the precipitation along the northern coast of the GG: the West Africa Monsoon (WAM) and the coastal upwelling.
The WAM is a large-scale circulation in the lower atmosphere transporting moisture from the Atlantic Ocean to the West African land. The WAM occurs annually between April and September when highest amount of humidity is transported towards the coast. The variability of the moisture fluxes, associated convergence, and rainfall is strongly impacted by the Atlantic Cold Tongue (ACT) described by Caniaux et al. [9] and the Saharan heat-low [5] . The onset of the coastal rainfall in April due to the WAM is a consequence of the acceleration of low-level cross-equatorial southerly winds, important for establishing the cold tongue, inhibiting convection near the equator and, transporting moisture towards the coast [5] . The complex interactions between the WAM fluxes and the continental land surface conditions [10] , oceanic conditions [6] [9] [11] [12] and, atmospheric circulation [13] [14] drive therefore most of the annual rainfall in this region. Particularly, the annual rainfall variability on the continental land in the northern coast of the GG is controlled by the WAM [5] .
A seasonal upwelling occurs along the northern coast of the GG during two periods of the year [15] [16] [17] [18] . A minor season of coastal upwelling takes place in boreal winter from December to March. The major season of the coastal upwelling north of the GG is observed in boreal summer from July to September. The SST is weak during this period from 30˚C to almost 25˚C -24˚C for some years leading to a cooling of −5˚C over few months. The minimum values of SST during the major season of upwelling are observed in August. During the 
Material
The data used for this study are from 1980 to 2016 and, are global data covering simultaneously the ocean and the land. In West Africa, in situ data coverage is very poor; therefore we turn to reanalysis data, which afford to make available global data at continuous time scale through sophisticated combination of in situ measurements and model outputs. The data used combine: (i) the total precipitation, the stratiform and convective precipitations to investigate their temporal and spatial variability; (ii) The flux of specific humidity, Sea Surface Temperature, air temperature and, horizontal components of the wind to understand the influence of both the atmospheric and oceanic variability on the minor dry season along the northern coast of GG. These data have been produced by the European reanalysis ERA-I and retrieved freely at this address https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era-interim. The ERA-I is a reanalysis of meteorological homogeneous observations and numerical model outputs produced by the European Centre for Medium Range Weather Forecasts (ECMWF) to overcome the lack of data in some regions and also the inhomogeneities related to model and data assimilation [21] . These data assimilated high observation data coming from space borne instruments [22] combined to model outputs through sophisticated methods and, automated bias corrected [23] . In this study, monthly average rainfall of daily means outputs characterized by a spatial resolution of 50 Km between two consecutive grid points are used. The units of these data are in meter and, we convert them in millimeter. The other data have the same time and spatial scales as precipitation data. The wind component, air temperature and, specific humidity are obtained at different pressure level from the surface (1000 hPa) to 200 hPa. The ERA-I precipitations data have been validated and used in many regions such as in England [24] and, in the Tropical Pacific [25] and for the entire world [26] . To tackle this study, a validation effort of the ERA-I rainfall data has been done based on the Global Precipitation Climatology Project (GPCP) data [27] [28] [29] . The ERA-I total precipitation data have been averaged over the 1980-2016 period and, bilinearly interpolated using Climate Data Operator software to fit the spatial grid of GPCP data. Figure 2 shows the climatology of GPCP presenting observation data, the climatology of total precipitation from ERA-I data and the bias between GPCP and ERA-I data. The maximum rainfall amounts are observed in the same areas both in the GPCP and in the ERA-I data 
Results

Seasonal Variability of the Sea Surface Temperature and Precipitation
The 
Dominant Component of the Rainfall
The time latitude diagrams of monthly climatology of the convective precipitation and large-scale precipitation have been built for each month to determine, which component dominates the total rainfall amounts (not shown) on the study region ( Figure 6 ). The convective precipitations are higher than the largescale precipitations particularly, at the beginning of the first rainy season. The core of the maximum convective rainfalls migrates northward to reach the northern part of Cote d'Ivoire (north of 8˚N) in August. At this period, the convective rainfalls are reduced at the coast. 3˚W] to reinforce the analysis about the decrease of the wind speeds over the cold air in August when the coastal upwelling is very well established ( Figure 8 ).
Variability of the Moisture Flux and Surface Wind
This figure shows an abrupt decline in the wind speeds between 4˚N and 9˚N.
The wind speeds increase after 9˚N until the location of the ITCZ (Figure 7 ). Besides in this region, this study and thoses of Gu and Adler [3] shown that rainfall variability is also related to large-scale processes. Then we should not take in account only the coastal upwelling responsible of this minor dry season.
Discussion
For example, in this region, the sea breeze conditions are very important in the understanding of the long dry season [8] .
This study showed that rainfall amount during the rainy season is dominated by the convective precipitations as noted in previous studies [3] . The convective precipitations during the monsoon season in this region are essentially driven by the disturbance of the African Easterly Jet (AEJ). The reduction of the amount of convective precipitations in August along the coastline means then some conditions that favour convective activities have changed, i.e., the air temperature, the water vapor, the wind. This period is characterized by minimum SST off the coast [15] and, it is suggested that coastal upwelling is the reason of the precipitation decline along the coast during the peak of the upwelling [6] [15] [18] . The meridional SST gradients play an important role in forcing convection [12] . This manisfests as weak air temperature on the ocean and high temperature on the land. The cooling of surface air temperature (Figure 4(a) ) on the coastal area of the GG by the coastal upwelling occurring there breaks this meridional gradient and could reduce the convection. The SST/rain correlation found by Kouadio et al. [6] is weak in August and high in September. This SST/rain relationship is different to that of the rainy season and remains in the vicinity of the coast [6] . This relationship is similar to our results.
The reduction of the moisture and the surface wind on the coastal region during the peak of the coastal upwelling are some causes of the shift of convective precipitations over the coastal area. But this decrease of the amount of moisture is not mainly driven by this upwelling but by the reciprocal action between the low pressure of Saint Helena Anticyclone in the Southern Hemisphere and the system of low presssure in northern hemisphere (Açore and Harmattan wind field) as shown in Figure 6 . The surface wind flow decreases then over this cold area as a coupling between the ocean and the atmosphere in the form of modification of atmospheric boundary layer explained by Wallace et al. [20] and, observed on the ACT and in the Pacific Ocean [20] . This reduction of the wind field over the coastal domain could reduce the wind shears and inhibit convective movements. To summarize, this study showed that the decrease in the available amount of moisture in July-August combined the decrease of turbulent flow and the presence of cold air temperature less than 26˚C (critical temperature at which maximum evaporation occurs) [12] could be the mechanism by which the north coastal upwelling of the GG enhances the minor dry drought season over the bordering countries of the GG. This idea has been suggested by Gu and Adler [3] mentioning that the maximum rainfall along the guinean coast in April is related to the presence of warm SST over the tropical Atlantic while its disappearance is due to the formation of an oceanic cold tongue in this region.
Conclusions
The welling. So our conclusion is that the coastal upwelling could not be the main cause of the dry season in August in the coastal area as was thought previously.
This upwelling provides conditions not favourable for the development of regional convection. Besides as the winds are reduced over the area of influence of this upwelling and are increased more in the north, the upwelling could push far in the north the ITCZ. This Hypothesis should be addressed latter in another study. This study drawn some points that could explain this minor dry season, but could not fully explain the mechanisms behind because of the climatological analysis adopted. A fully study with numerical modeling should address the correlation and interannual analyses.
